Objective: To determine the nutrient intakes and status of preschool children from a representative population sample in Adelaide.
The Medical Journal of Australia ISSN: 0025-729X 18 June 2012 196 11 696-700 ©The Medical Journal of Australia 2012 www.mja.com.au Research ppropriate nutrition in early childhood is important for normal growth and may influence long-term health and chronic disease status. 1 There is concern that while the energy intakes of young children are increasing, this may not be matched by the nutrient density of their diets.
2 This has been interpreted by some to indicate a modern phenomenon of malnutrition in the developed world -an increasing prevalence of childhood obesity co-existing with key micronutrient deficiencies.
Dietary guidelines exist for the nutritional needs of young children, but there are limited data on the actual intakes of young children from representative population groups in Australia. Two surveys have been conducted in the past two decades -the 1995 National Nutrition Survey and the 2007 Australian National Children's Nutrition and Physical Activities Survey. 3, 4 However, both surveys only included children from the age of 2 years, and while they assessed nutrient intakes, biomarkers of nutritional status were not measured. Knowledge of nutritional status is needed to understand the extent of malnutrition in affluent societies and to support evidence-based nutritional guidelines. This is particularly relevant for a number of key micronutrients that are essential for optimal growth and development, including iron, zinc and n-3 long-chain polyunsaturated fatty acids (LCPUFA). The aim of our study was to determine the nutrient intakes and biomarkers of nutritional status of preschool children in Adelaide using a unique sampling strategy to ensure that the study population was representative.
Methods
The study was a cross-sectional survey. We used Australian Bureau of Statistics (ABS) 2001 census data to identify areas of social advantage and disadvantage. There are 2132 census c o lle cti on di st ri cts (CCDs) in Adelaide, and each CCD contains about 220 dwellings. An advantagedisadvantage index for each CCD was compiled by the ABS as an indicator of socioeconomic status (SES). 5 We then divided the CCDs into three strata of SES: low, medium and high, based on the advantage-disadvantage index. To obtain a representative population sample, we used a stratified random sampling technique to select CCDs from each of the SES strata. To locate eligible children from each selected CCD, we used a doorknocking strategy designed to obtain information on groups that are representative of the population. 6, 7 Children living in the randomly selected areas were eligible if they were aged 1-5 years (inclusive) and were born at full-term with a birth weight у 2500 g. Children were excluded if they had been diagnosed with congenital or metabolic disorders that required specialised dietary intervention, had been hospitalised in the 6 months before the study, or were immunosuppressed. If more than one child was eligible per household, the child with the earliest birth date was selected to participate in the study. Participants were recruited between September 2005 and July 2007. Parents who consented to participate were asked to attend a clinic appointment with their child for assessment. The study wa s a pprove d by the H um an Research Ethics Committee at the Children, Youth and Wo men's Health Service, Adelaide. Written informed consent was obtained from all participating families before they took part.
Assessments
Anthro po metric m easure ments including weight, length or height, and head circumference were recorded during the clinic appointment. Children were measured in light clothing, without shoes, using standardised procedures. 8 Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ); z score and percentiles for weight, height and BMI were calculated using WHO ANTHRO software, version 3.1 (World Health Organization, Geneva, Switzerland, 2005) . Children were classified as overweight if their BMI was between the 85th and 95th percentile, and obese if their BMI was above the 95th percentile.
Nutrient intakes and status of preschool children in Adelaide, South Australia Parents were asked to complete a 3-day weight record of their child's food intake on three consecutive days, including one weekend day. Parents were supplied with a weighing scale and metric cups and spoons, and were asked to measure and record everything their child ate and drank during the 3-day study period. They were asked to include brand names for dietary supplements and commercial food products, and to provide food packaging from all commercial products. Completed food diaries were checked by a dietitian for errors, ambiguities or missing information. If needed, parents were contacted to clarify dietary information. We analysed the food record using FoodWorks Professional software, version 4 (Xyris Software, Brisbane, QLD, 2005) which included food composition tables from the Food Standards Australia and New Zealand AUSNUT (Australian Food and Nutrient) 1999 and NUTTAB95 (nutrient data table, 1995) databases. For the purpose of our analysis, commercial food products consumed by participants that were not in the Australian food composition tables were substituted with similar foods based on ingredients, or were manually added to the FoodWorks program when nutritional information was available for the product. A log of the foods substituted was kept to ensure consistency of data entry coding across the study. Adequacy of macronutrient and micronutrient intakes was evaluated against National Health and Medical Research Council nutrient reference values for Australia and New Zealand. 9 To identify implausible intakes, the low acceptable ratio of reported energy intake (EI) to predicted basal metabolic rate (BMR) was estimated to be 1.04 using Goldberg cut-off with a physical activity level of 1.55. 10 Trace-element-free equipment and techniques were used to collect a 2-5 mL non-fasting blood sample by venepuncture to assess children's fatty acid, iron, zinc and vitamin B 12 status. Before the blood sample was taken, parents were asked if their children had a cold or other infectious disease, or had received vaccinations in the past 2 weeks. If this was the case, the blood test was delayed for 2 weeks to minimise false elevation of serum ferritin and/or lowering of serum zinc due to infection or vaccination. Haemoglobin (Hb), serum ferritin and vitamin B 12 levels were analysed by the Institute of Medical and Veterinary Science (IMVS) in Adelaide. Serum zinc levels were analysed by flame atomic absorption spectrophotometry. 11 Red blood cell phospholipid levels were analysed by capillary gas chromatography. 12 Phospholipids were analysed in preference to plasma fatty acids because they are less influenced by the immediate dietary fatty acids. Iron deficiency was defined as serum ferritin < 10g/L; iron deficiency anaemia was defined as serum ferritin < 10g/L and Hb < 105g/L (for children aged up to and including 2 years) or Hb < 115 g/L (for children over 2 years); and suboptimal vitamin B 12 status was defined as serum vitamin B 12 < 145 pmol/L, based on IMVS reference ranges. Zinc deficiency was defined as a serum zinc < 9.9 mol/L for non-fasting blood collected in the morning, or serum zinc < 8.7mol/L for non-fasting blood collected in the afternoon, according to the International Zinc Nutrition Consultative Group reference ranges. 13 Blood pressure was measured during the clinic appointment, after the child was settled. An automated blood pressure instrument (DINAMAP NIBP [non-invasive blood pressure monitor], Critikon, Tampa, Fla, USA) and an age appropriate cuff were used for the assessment. The measurement was done in duplicate and an average was calculated.
Sociodemographic characteristics, including parents' age, self-reported weight and height, and highest education level achieved, were collected by structured interview. Duration of breastfeeding based on maternal recall was recorded.
Statistical analyses
We conducted all statistical analyses using STATA SE, version 10.0 (StataCorp, College Station, Tex, USA). Children were divided into four age groups for all analyses and the median intake and interquartile range were calculated for each nutrient. Ferritin, zinc and vitamin B 12 status were not normally distributed, so we performed log transformation for statistical analysis. We conducted linear regression analyses to examine relationships between macronutrient intakes and BMI z score, and between micronutrient intakes and biomarkers. We also performed analysis of covariance to examine whether there were differences in dietary intakes, BMI z score, micronutrient status or red cell phospholipids profile according to SES, adjusting for age and total energy intake. Statistical significance was set at P < 0.05.
Results
A total of 13 272 households from 54 CCDs were visited and 9464 households answered the door. Of the households answering the door, there were 573 eligible children, and 300 (52%) of these families consented to take part in the survey (Box 1).
The demographic characteristics of the participants are presented in Box 2. Ninety-five percent of the children were born in Australia and about half (49%) were first born. The median duration of breastfeeding was 34 weeks, and 20% of children were breastfed longer than 12 months. Ninety-two children (31%) were classified as overweight or obese. There were no significant differences in ageand sex-standardised weight or BMI z scores across the three categories of SES.
Intakes of macronutrients and key micronutrients are summarised in Box 3. The overall energy contributions from macronutrients were 50%, 17%, 33% and 16%, respectively, for carbohydrate, protein, fat and saturated fat. Overall, 95% of children > 2 years of age had a saturated fat intake that exceeded the maximum recommended limit of 10% of total energy, 14 half of which came from milk and dairy products. Other sources of fat that contributed at least 5% of the saturated fat intake included 15% from cereals and cereal products (of which 5% was from grains and starches like rice, pasta, bread and breakfast cereal; 5% was from biscuits; and 5% was from sweet buns, cake and pastry products) and 7% from processed meats. Most children achieved the estimated average requirement 9 for key micronutrients, including iron, zinc, calcium and vitamin C (Box 4). On the other hand, only 18% and 32% of children met the adequate intake 9 for fibre and n-3 LCP-UFA, respectively. There was a significant positive association between age and intake of macronutrients (P < 0.0001), vitamin C (P = 0.0008), iron (P = 0.0002) and zinc (P = 0.0005), while intake of calcium was negatively associated with age (P = 0.004). No significant associations between SES and intakes of the nutrients as reported in Box 3 were observed. There were no correlations between energy or macronutrient intakes and BMI z score. When we excluded results for the 12 children with implausible EIs (EI/BMR, < 1.04), the correlations did not change.
Micronutrient status is summarised in Box 5. Children older than 3 years had a lower rate of iron deficiency (4/134, 3%) compared with children under 3 years (11/138, 8%). No children over 3 years of age had iron deficiency anaemia. Iron intake was positively associated with ferritin concentration (r = 0.22; P < 0.001) but not with Hb concentration. Overall, 32% of children had zinc deficiency. There were no significant differences in the fatty acid profile across age groups or SES tertiles. Overall docosahexaenoic acid (DHA) concentration in erythrocyte phospholipids was 3.7% of total fatty acid and intake of DHA was modestly correlated with DHA concentration in erythrocyte phospholipids (r = 0.26; P < 0.001).
Discussion
This study provides the first data linking biochemical status to nutrient intakes in a representative population of preschool children in Adelaide. These children had comparable sociodemographic characteristics to preschool children in the national survey.
3, 4 The results suggest that the children in our study have adequate intakes for a majority of micronutrients and a low prevalence of iron deficiency and iron deficiency anaemia. However, the low intakes of fibre and n-3 LCPUFA combined with the high intake of saturated fat raise concerns, as these dietary patterns are associated with adverse long-term health consequences in adults. 15 These observations suggest that there is a need for increased attention on establishing healthy eating patterns It is interesting to note that the median energy intakes of the children in our study were within the agespecific recommendations in Australia. 10 In addition, the energy contributed by macronutrients is within the acceptable macronutrient distribution range. 17 The lack of association between energy intake and BMI for age is consistent with the findings of another Australian study of preschool children, 18 which showed that physical activity level, rather than percentage of energy from macronutrients, was associated with percentage body fat. These data suggest that in this age group physical activity may be a main determinant of weight and BMI status.
It may also indicate that energy intake based on 3-day food diaries does not reflect long-term energy balance and may have limited predictability for weight and BMI status in young children. The median weight and height of children who participated in this study were similar to the same age group of children surveyed in the 2007 Australian National Children's Nutrition and Physical Activities Survey. 4 However, the median energy, macronutrient and key micronutrient intakes (including iron, zinc, calcium 4 and n-3 LCPUFA 19 ) of the children in our study were generally lower compared with the 2007 national survey, which assessed intake using 24-hour recall. Because of methodological differences in dietary assessment, it is not possible to directly compare our results with the national surveys, as 24-hour recall has been shown to overestimate energy intake of infants and toddlers compared with 3-day weighed-food records. 20 The apparent discrepancy between the low rate of inadequate zinc intake and the higher prevalence of low serum zinc suggests that more research to better define the dietary zinc requirements and a normal range of serum zinc levels in young children based on functional outcomes is warranted. 21, 22 There are limited data regarding the vitamin B 12 status of preschool children. Results from our study are comparable to the vitamin B 12 status of 1-10-year-old children in Norway (median, 551 pmol/L). 23 Interestingly, DHA concentration in erythrocyte phospholipids among the preschool children we studied was similar to levels found in our previous study 24 of 16-week-old infants fed formula with no added n-3 LCPUFA (DHA was 3.5% of total fatty acids), but lower than breastfed infants (DHA was 5.6% of total fatty acids). Whether this suggests that the n-3 LCPUFA status of the children in this study may be suboptimal needs to be evaluated in a future study. However, there are no direct physiological or clinical data to indicate a need for supplementation during the preschool years. Interestingly, there is increasing recognition that the current recommendation for n-6 PUFA intake may be too high, 25 and high intakes of n-6 PUFA may be responsible for the decline in n-3 LCPUFA status in Western coun- tries. 26 Further research to better define n-3 and n-6 PUFA requirements is warranted.
The response rate of 52% in our study is comparable to the national survey of toddlers in New Zealand, 7 which had a similar study design. Although potential non-response bias cannot be excluded, the sociodemographic characteristics of participating families in our study were comparable to the Children's National Nutrition Survey. 4 Underreporting of food intake in overweight children 27 may conceivably have confounded any association between energy intake and BMI. However, this is unlikely because the exclusion of children with implausibly low intakes did not change the outcome, and there were no differences in intakes of key nutrients or BMI for age across the three categories of SES.
Our study reveals that Australian children aged 1-5 years are following a dietary pattern that may be associated with adverse long-term cardiovascular health and chronic disease. Further research is needed to determine the long-term health effects of young children's early dietary patterns -particularly dairy-fat intake -and biomarker levels. IQR= Interquartile range. * Defined as serum ferritin < 10 g/L. † Defined as serum ferritin < 10 g/L and haemoglobin < 105 g/L (for children aged up to and including 2 years) or haemoglobin < 115 g/L (for children over 2 years). ‡ Defined as serum vitamin B 12 < 145 pmol/L. § Defined as serum zinc < 9.9 mol/L for non-fasting blood collected in the morning, or serum zinc < 8.7 mol/L for non-fasting blood collected in the afternoon. ◆
